Slaked lime (Ca(OH) 2 ) nanoparticles were exposed at 33% and 75% relative humidity (RH) to consolidate dolostone samples used in historical buildings. Non destructive techniques (NDT) were 
(1.3 ml), were introduced in the climatic chambers. The specimen submitted to freezing-thawing cycles (75RH-DOL) was introduced in the humid environment (75%RH), since from previous visual observations this seem to be the most favourable condition for a consolidation treatment. While the fresh specimen (33RH-DOL) was introduced in the dry environment (33% RH), less favourable condition, but considered enough for a preventive treatment. Five days later, a second application of 1.3 ml was applied on the stone specimens. These stone specimens were analyzed before and after 20 days of consolidation.
Analytical techniques and experimental procedures
The stone specimens were analyzed with several NDT, before and after the treatment, in both humid and Transmission Electron Microscopy (TEM) analyses were performed to study the shape and the size of the nanoparticles and the structural phases -as deposited‖ and after 5, 12 and 20 days of consolidation.
Samples were prepared by ultrasonic dispersion of this colloidal suspension and then disposed on a carbon coated cupper grid with 3mm of diameter. A TEM Jeol JEM operated at 200 KV with electron diffraction mode and energy dispersive X-ray spectroscopy (EDS) Link devices were used for the structural and chemical composition control. Digital Micrograph software TM Gatan inc. was used to measuring the particle size and the interpretation of the electron diffraction patterns.
Environmental Scanning Electron Microscopy (ESEM) was used to study the morphology and distribution of the product on the top and the bottom surfaces (in the corners and in the centre) of the stone specimens before and after 12 and 20 days of consolidation. Digital Micrograph software TM Gatan inc. was used to the interpretation of ESEM images. Several optical linescans were taken on the images to obtain intensity profiles across porous and non porous surfaces. The length of the optical linescan profiles were between 300µm and 500µm (pixel size 0.363µm x 0.363µm) in the same region, before and after consolidation. The slope, pore diameter and topography changes of the profiles allowed to establish statistic measurements to determine their percentage of reduction or increase as a result of consolidation process. The morphology of the consolidating film deposited on the plastic cups was also observed under ESEM after 5, 12 and 20 days, using a Quanta 200 FEI microscope with Energy Dispersive X-ray Spectroscopy (EDS) (model 7509 Oxford Instrument Analytical, UK) to distinguish dolomite and calcite crystals.
Spectrophotometry was used to measure the chromatic parameters on the surface of the stone specimens before and after 20 days of consolidation, by means of a spectrophotometer (MINOLTA CM-700d), using the Lab system or Lab colour space or CIELAB (Commission Internationale de l'Eclairage CIE 1976), with the following characteristics and operating conditions: 400-700 nm wavelength range, wavelength interval of 10 nm, mean band width of 10 nm, 0.01% resolution, measuring time of 1 second approx., SCI/SCE measuring modes, measuring field ranges from 3mm to 11mm depending on the selected mask, L* a* b* which values limit are ±1.5, as well as for indices. Standard illuminant was D50 and observer 10º; measured parameters were L*, which accounts for luminosity, a* and b* for coordinates (a* being the red-green parameter and b* the blue-yellow one), and YI for yellow index (measured according to ASTM 313-76). The total colour difference ∆E* is also provided as a result of the formula ∆E*= ((∆L*)
Optical Surface Roughness (OSR) analyses were done, before and after the treatment, on the top and bottom surface of the specimens to evaluate the change in surface roughness due to the application of the consolidating product after 20 days. The thickness of the layer of product deposited on the surface of the sample and the filling of pores can be determined with this technique. The equipment used was a contact-free surface profilometer (white light), TRACEiT, patented by Innowep GmbH. It is portable and enables highly precise 3D-topography analysis, at a micro-scale (micrometers). Measuring field is 5 mm x 5 mm, resolution is 2.5 µm (Z axe) and 2.5 µm (in X/Y axes). Number of data points in X/Y axes are 2000.
The OSR analyses included 3D-topography maps (25 mm 2 ) to obtain the average Ra, Rq and Rz roughness parameters and some surface roughness profiles (5mm length, ±1mm height) measured on the top and bottom surfaces of the stone specimens. The cut off ( c) used for calculations is 0.80 mm.
The roughness parameters analyzed were calculated by the software and defined as stipulated in DIN EN ISO 4287 standard [20] : (i) Ra is the arithmetic mean of the absolute values of profile deviations from the mean line; (ii) Rq represents the root square deviation of the assessed profile, also known as RMS (Root Mean Square roughness) and (iii) Rz is the sum of the vertical distances between the five highest peaks and the five deepest valleys within the sampling length.
Propagation of ultrasounds velocity was measured before and after 20 days of treatment to evaluate the increase in durability and the distribution of the consolidating product, for Vp (P-wave velocity) that is related to effective porosity. P-wave propagation time was measured to a precision of 0.1μs with a
Water absorption under vacuum was performed to determine the bulk density, open porosity and to quantify the amount of water absorbed by the specimens once they reach saturation, as described in the were begun and therefore was the one used throughout the experiment. The test was done before and after the 20 days treatment, and just before the NMR analyses in order to get the samples fully saturated with water.
Nuclear Magnetic Resonance (NMR) was measured before and after the 20 days treatment to observe and to quantify the location and distribution of water and consolidating product inside the pores of the stone specimens. It was also used to evaluate the depth of penetration of the consolidating product inside the stone. Magnetic Resonance Imaging (MRI) and Relaxometry experiments were done after the water absorption under vacuum experiments. The samples were covered with parafilm to avoid water evaporation during NMR experiments. Water proton spin-lattice (T1) and spin-spin (T2) relaxation data were evaluated to study the effect induced on the stone porous structure by the presence of the consolidation product.
MRI and relaxometry experiments were performed using a BIOSPEC BMT 47/40 (Bruker, Ettlingen, Germany) spectrometer, operating at 4.7 T. Magnetic field gradients for imaging in the three orthogonal directions were generated by a 12cm actively shielded gradient set capable of reaching 200mT/m.
Individual specimens (2.5x2.5x1.5 cm sides) were placed in a radio frequency birdcage coil with an inner diameter of 7 cm. For the MRI experiments a first global shimming was performed and then three scout spin-echo experiments in axial, sagital and coronal direction were acquired. The acquisition parameters for these images were: repetition time TR=200ms, echo time TE=10ms, field of view FOV=10cm, slice thickness SLTH=5mm, matrix size=128×128 and number of acquisition NEX=1. Then four T1 weighted axial spin-echo (TR/TE = 700/5 ms) images were acquired. For T2 relaxation time measurements 20 echoes of three coronal slices using a spin-echo sequence were acquired. For these experiments the TR was 2000 ms, the echo time TE varied from 5ms to 100ms, FOV was 4x4 cm 2 and the matrix size was 128 × 128. Six slices of 2.5mm were registered. The signal was averaged 6 times. T1 relaxation time measurements were conducted on the same slices using a spin-echo sequence. Separate images were acquired at seven different recovery times. TR varied from 250ms to 6000ms and the TE was 5ms. From these sequences, T1 and T2 values at nine different Region of Interest (ROI) and T1 and T2 maps were calculated using ParaVision 3.0.1 package (Bruker, Ettligen, Germany). Signal Intensity as the signal at equilibrium magnetization was also obtained. The data was then processed in order to reduce the information by grouping the data with similar values from three areas and from the top to the bottom of the specimens. Then the MRI information is given for three slices in Z axes with a thickness of 0.5cm height divided in three areas of 2.2cm 2 . So, we have the MRI data of each specimen from the top to the bottom to observe the deep penetration of the consolidating product and its location and distribution through different areas of the specimen.
Relaxometry experiments were performed on the same specimens just after the imaging experiments without any manipulation of the samples. These measurements correspond to spatially non-resolved data and they were used to obtain the quasicontinuous distribution curves using the UpenWin 1.01 program [23] . For T1, measurements 200 inversion times, varying from 10ms to 2000ms, of a standard InversionRecovery spin sequence was acquired. For T2 a CPMG sequence was used. 200 echoes with TE = 800 s were registered. Differences in the intensity of the peaks reveal better defined diffraction maximums in the sample crystallized in low humidity conditions (Fig.1b) Fig. 1c and Fig. 1d show the XRD results after 12 days of consolidation. In high humidity conditions (Fig.1c) (jcpds=29-0306) and a small amount of calcite CaCO3 (jcpds= 01-086-2342 R-3c, SG=167)). In low humidity conditions (Fig. 1d ) the XRD data reveals a better definition of the intensity maximums associated to portlandite phase (Ca(OH) 2 and the presence of a small amount of calcite, CaCO 3 (jcpds= 01-086-2342), R-3c, SG=167) Fig.1e and Fig.1f display the XRD data after 20 days. The high humidity conditions ( Fig.1e ) have favoured the crystallization of the vaterite and monohydrocalcite phases.
Results and discussion

Characterisation of nanoparticles
X-Ray Diffraction analyses (XRD)
Additionally, small peaks of calcite have been identified. In low humidity conditions (Fig.1f) 
Transmission Electron Microscopy (TEM)
Fig . 2 shows the TEM image and the electron diffraction results obtained on the product -as deposited‖.
The TEM image in bright field mode (Fig.2a) shows agglomerates of short prismatic and hexagonal habit crystals of portlandite with particle size of 59.4nm±23. Fig.2b shows the selected area electron diffraction pattern (saedp) of nanoparticles after 5 days in high humidity conditions (RH =75%). The polycrystalline character is clearly evident in the rings pattern which is indexed according to the portlandite phase previously identified by XRD. In Fig.2c the saedp obtained in the same sample shows other phase with a good grade of crystallinity where the spots are indexed according to the d-hkl distances of vaterite phase according to the hexagonal structure with P63/mmc symmetry [24] . Chemical analyses performed by TEM-EDS and electron diffraction results confirm the presence of portlandite and vaterite phases at 5 days in high humidity conditions. The latter phase was not detected by XRD. The measurements of the particle size obtained from the TEM images indicate that in high humidity conditions there is a bimodal and trimodal distribution: after 5 days of consolidation there are two groups of particle size whose longest axes are 127nm±53 and 1409nm±410; after 12 days of consolidation there are three groups of particle size which longest axes are 103.9nm±42, 344nm±36 and 2258nm±342; after 20 days of consolidation there are three groups of particle size which longest axes are 62.3nm±17, 213nm±185 and 2298nm±154.
In low humidity conditions there is only a bimodal distribution: after 5 days of consolidation there are two groups of particle size which longest axes are 52.6nm±16 and 167nm±60; after 12 days of consolidation the longest axes of the particles are 64.2nm±15 and 193nm±22; after 20 days of consolidation the longest axes of the particles are 62.2nm±22 and 307nm±143. These results are indicating the growth of portlandite crystals and the beginning of the carbonation process with the growth of new particles of vaterite. There is a faster growth rate and larger particle sizes in high RH conditions compared to low RH conditions. According to TEM and XRD results vaterite is favoring the formation of calcite phase. Even although vaterite is a metastable phase it can become stable with low thermal treatments at 27ºC [24] .
Environmental Scanning Electron Microscopy (ESEM)
ESEM showed the morphology and distribution of the consolidating film of calcium hydroxide nanoparticles deposited on the plastic cups on humid and dry environment (Fig.3 ), after 5 days ( Fig.3a and 3b), 12 days ( Fig.3c and 3d ) and after 20 days ( Fig.3e and 3f ). There are significant differences between the crystallization of the nanoparticles in the different environments. In the humid environment the nanoparticles display needle-shaped crystals homogeneously distributed and embedded in a microcrystalline matrix which amount increases with the consolidation time. According to the XRD and TEM results the observed crystals might correspond with the portlandite and vaterite phases. In the dry environment the nanoparticles heterogeneously distributed as aggregates of anhedral crystals, which size and amount increase with the consolidation time (5, 12 and 20 days).
Characterisation of stone specimens
Environmental Scanning Electron Microscopy with Energy Dispersive X-ray (ESEM-EDS)
ESEM showed the differences between the fresh stone specimen (specimen 33RH-Dol) and the specimen submitted to freezing-thawing cycles (specimen 75RH-DOL). Since both specimens come from the same dolostone sample, the calcite vs. dolomite proportion is about the same in both specimens (90-95% dolomite crystals approx.). Dolomite and calcite crystals in the stone specimens were distinguished by EDS analyses. Large (100 m to 1mm diameter) and irregular shaped (elongated veins) calcite crystals are embedded in a microcrystalline dolomite matrix with small (30 m to 100 m diameter) rhombic and idiomorphic crystals. These dolomite crystals display intra-crystalline micro-pores in high proportion (with pore sizes between 1 m to 10 m diameter), medium proportion (with pore sizes between 1 m to 5 m diameter) and crystals with no pores (Fig.4a ). The quantity of microcrystals with a medium proportion of micro-pores is higher than the quantity of microcrystals with high proportion of micropores, followed by those crystals with no pores. EDS analyses were performed on these dolomite crystals. The EDS results showed that only calcium (68.47% weight) and magnesium (31.53% weight) are present in the dolomite crystals with no pores. However, besides calcium (Ca) and magnesium (Mg), aluminium however the crystallinity of dolomite gets worse, producing the dissolution, fracture and local removing of some crystals. The consolidating product superficially fills the pores, covering the crystal surfaces (Fig.5 ). Dolomite crystals with medium quantity of intra-crystalline porosity (1 m to 5μm) are more affected by dissolution and fracturing than those crystals with higher and lower quantities of intracrystalline pores. EDS analyses showed that these crystals have lower amount of Ca and higher amount of Mg compared to the other dolomite crystals. The nanoparticles on one hand, are dissolving and fracturing the dolomite (CaMg(CO 3 ) 2 ) crystals (with less concentration of calcium and more concentration of magnesium) and by other hand, they are favouring the re-crystallization of calcite (CaCO 3 ) crystals (with only calcium and no magnesium). In the corners of the specimens, where there is less amount of consolidating product, less deterioration is identified over the dolomite crystals with respect to the deterioration found in the centre of the specimens. The dissolution of dolomite crystals is especially evident in the specimen 33RH-DOL ( Fig.5a and Fig.5b ). In Fig.4 and Fig.5 the ESEM images with the optical linescan intensity profiles taken on these images of the stone specimens before and after consolidation are shown. The profiles obtained over dolomite crystals on specimen 75RH-DOL (Fig.4) show a reduction in the diameter and the height of the pores due to the filling of pores. Fig.4a and Fig.4b show the reduction of pore diameters from 28.02μm and 29.47μm down to 10.91μm (61% reduction) and 26.91μm (9% reduction), respectively. Additionally, there is an increase in the pore height between 30μm to 60μm. In Fig.4 , ESEM images show some dissolution of the dolomite crystals but also the filling of pores and between the inter-crystalline contacts. The optical linescan intensity profiles taken over dolomite crystals on the specimen 33RH-DOL show the decrease of pore diameters from 112.14μm and 27.12μm down to 48.20μm and 24.10μm, respectively ( Fig.5a . and Fig.5b ) identified by the contrast in the images. There is a reduction in the pore diameter (69% and 11%, respectively) and an increase in the height of the pores between 30μm to 60μm. There is also a significant dissolution of the dolomite crystals (Dol) and re-crystallization of calcite crystals (Cc). The profiles obtained in areas with higher amount of calcite (Fig 5c and Fig. 5d ) show the significant re-crystallization along its cleavage planes. The size reduction (10%) of a pore from 65.56μm ( Fig. 5c ) down to 58.76μm ( Fig. 5d ) after the filling with the nanoparticles can be also observed. Table 1 displays the colour variations of the treated stone surfaces. For the tested treatment the most important contribution came from ∆b*, followed by ∆L*. On both specimens a negative yellowing effect was produced, as shown by the ∆YI value. This result, together with the positive value of ∆L* (luminosity), may be interpreted as a slight whitening effect on the dolostone after treatment. The specimen 75RH-DOL has a lower colour difference (∆E*) compared to specimen 33RH-DOL, since ∆E* value is less than 3 in the former specimen and less than 5 in the latter. However, considering compatibility criteria, indicators available in literature show that when ∆E* (total colour difference) is less than 3 the risk of incompatibility is 0 and when ∆E* is between 3 and 5 the risk is 5 (in a 5 to 10 scale) [25] . Table 2 shows the surface roughness parameters obtained on the 25mm 2 area (3D height or topographic map) and on 5mm long roughness profiles, measured on the top and the bottom of the specimens through porous and non porous surfaces. The topographic maps and the profiles are based on the Ra, Rq and Rz roughness parameters (in µm). These parameters do not show relevant changes as a result of the consolidation, except for Ra on the top of the specimen 33RH-DOL ( Fig.6 and Table 2 ). In this specimen the nanoparticles have slightly modified Rq and Rz roughness parameters but Ra significantly decreases (112%) as a result of a deposition layer (45 mm thick approx.) of nanoparticles, which gives rise to a smoother surface (Fig.7) . In the porous profiles measured on the top of this specimen, Ra and Rz increase 6% and 4%, respectively (by dissolution of some dolomite crystals); in non porous profiles, Ra and Rz decrease 11% and 9%, respectively (Table 2 ). In the bottom of this specimen (both across porous and non porous profiles) Ra and Rz decrease 16% and between 9% and 19%, respectively. The decrease in these parameters is due to calcite re-crystallization and due to the smoother surfaces caused by the consolidating product. In the specimen 75RH-DOL, the nanoparticles have slightly modified Ra, Rq and Rz (on the average area 25 mm 2 ). However, these parameters on the top of this specimen significantly change when they are obtained on surface roughness profiles across porous (Ra and Rz increase 13% and 6%, respectively, due to dissolution of some dolomite crystals) or in non porous surfaces (Ra and Rz decrease 13% and 5%, respectively, as the consolidating product gives rise to smoother surfaces). In the bottom of this specimen, both in porous and non porous profiles, Ra and Rz decrease. In porous profiles, Ra and Rz decrease 3% and 10% respectively, and in non porous profiles, Ra and Rz decrease 99% and 84%, respectively. These results show that the consolidating product has affected the top and the bottom surfaces of the specimens, in general decreasing the surface roughness parameters. Fig.7 shows four representative profiles obtained from the specimens subjected to high humidity (Fig.7a ) and low humidity conditions (Fig.7b) . A more detailed study on the changes of pore diameters was made on the surface roughness profiles. On the top surface of the specimen in high humidity conditions (specimen 75RH-DOL), there is almost no reduction of pore diameters of 0.3mm but there is an increase of pore height from 20µm up to 40µm. In the bottom of this specimen there is an average reduction of pore diameter from 0.3mm down to 0.1mm but there is no change in the pore height. On the top surface of the specimen in low humidity conditions (specimen 33RH-DOL) there is almost no reduction of pore diameters of around 0.3mm but there is an increase of pore height from 20µm up to 50µm (this can be related to the dissolution of dolomite crystals surrounding the pores as it was observed under ESEM and also in the 3D topographic map (Fig.6) ). In the bottom of this specimen there is only a slight reduction in the pore diameter from 0.4mm down to 0.3mm and a slight reduction in the pore height from 30µm down to 20µm. The modification in the pores morphology is manifested in the filling of pore valleys and changes in the shape of the profiles (Fig.7) . There is only a slight reduction in the pore diameter of larger pores (millimetre size) in both specimens; the nanoparticles were deposited on the surface of the stones giving rise to smoother areas, and in the slopes of the pores resulting on increasing the height of the pores, especially in the specimen 33RH-DOL (Fig.6 ).
Spectrophotometry
Optical Surface Roughness (OSR)
Propagation of ultrasounds velocity
Ultrasounds velocity was measured before and after the consolidation treatment in both specimens (Table   3 ). Before consolidation, the average velocity across the 3 spatial axes of both specimens is 22% higher for the specimen 33RH-DOL (2674 m/s) compared to the specimen 75RH-DOL (2187 m/s). This difference is due to the higher porosity and the fissures generated by the freezing-thawing cycles in the specimen 75RH-DOL, since higher values of ultrasounds velocity is related to more stone cohesion. After consolidation of specimen 75RH-DOL the average velocity increases from 2187 m/s up to 2585 m/s.
However, after consolidation of specimen 33RH-DOL the average velocity only increases from 2674 m/s up to 2747 m/s. Therefore the average variation velocity ΔVp (%) is much higher for the former specimen compared to the latter (18% and 3%, respectively). The increase in the ultrasounds velocity takes place along the 3 axes of both specimens, however for specimen 33RH-DOL this increase is only significant along X axe; the velocity increase in the other two axes is very low since the values remain almost constant (Table 3) . However, the increase in ultrasounds velocity for specimen 75RH-DOL is more significant and very similar along the three spatial directions (increase of 400 m/s approx.). This can be related to the higher reduction in porosity and the better and more homogeneous distribution of the consolidating product in the specimen 75RH-DOL compared to 33RH-DOL. The highest initial porosity of this specimen could be the cause of a better distribution of the consolidating product inside its pores (the same quantity of product was applied in both specimens). Therefore, after the treatment, the ultrasounds velocity increase, and besides the porosity, the influence of higher humidity during consolidation could have allowed a better cohesion of the consolidating product.
Water absorption by capillarity
The capillary imbibition kinetics of the two specimens of dolostone, before and after consolidation, is displayed in Fig. 8 . The first part of each curve defines the capillary water absorption and the second part defines the saturation. The slope of the curve during capillary absorption is the capillary absorption coefficient, C (Table 4 ). This coefficient, C, is closely related to pore structure by the pore radius and the porosity. Smaller pore radius and smaller connected porosity values give lower coefficients (C) and slow water transport [26] . Before consolidation, both curves ( 2 ·s 0.5 ) in specimen 75RH-DOL giving rise a C value 13% lower than the C value in the specimen 33RH-DOL. Before treatment, the water absorption by capillarity of both specimens is 0.9g approx. and after treatment this value reaches 1.5 g and 1.0g, respectively (Table 4) .
Therefore, after treatment, C decrease in both specimens, however water absorption by capillarity increase. These results are in agreement with the values obtained in the propagation of ultrasounds velocity. Before the treatment specimen 33RH-DOL has higher values of ultrasounds velocity and lower C values, since specimen 75RH-DOL was artificially weathered by freezing-thawing cycles and it has less cohesion and larger pores and fissures due to the aging compared to 33RH-DOL. However, after treatment the increase in ultrasounds velocity (18%) and decrease in C (83%) is much higher in the specimen 75RH-DOL. This can be explained by a better cohesion of the specimen in humid conditions (specimen with higher and larger pores) favouring the reduction of number of pores and pore sizes, fissures and distances between crystal contacts and giving rise to a smaller connected porosity, slower water transport and hence lower capillary absorption coefficient.
Water absorption under vacuum
These results show that the apparent density is very similar before and after treatment in both specimens ( open porosity and from 7.1% to 6.9% saturation). Before treatment, the saturation reached through water absorption by capillarity ( Fig.8 and Table 4 ) in both specimens is slightly lower than the saturation obtained trough water absorption under vacuum (1.3g by capillarity and 1.6g by vacuum for 33RH-DOL and 1.4g by capillarity and 1.9g by vacuum for 75RH-DOL). After treatment, the saturation reached by capillarity in both samples reaches the saturation value obtained under vacuum 1.6g and 1.8g, respectively. Although the water absorption by capillarity slightly increases in both specimens the capillarity coefficient (i.e. absorption rate) and the total amount of water that the specimens are able to absorb (i.e. water saturation) decrease after treatment.
Nuclear Magnetic Resonance (NMR): Magnetic Resonance Imaging (MRI)
The results of MRI obtained for the three slices cut along the Z axe (top, centre and bottom) are shown in Table 6 and Table 7 . Before the treatment, these results show lower and more homogeneous values of relaxation times T1 and T2 in the specimen 33RH-DOL compared to 75RH-DOL. Higher T1 and T2
values are related with larger pores [27, 28] . If before treatment, MRI results show lower T1 and T2
values for specimen 33RH-DOL, this would mean the presence of smaller pores in this specimen compared to 75RH-DOL. Specimen 33RH-DOL shows that T1 and T2 values increase from area 1 to area 3 but these values are very similar from the top to the bottom of the specimen (Table 7) . After treatment, T1 and T2 relaxation times in this specimen decrease in all the areas and depths. This means the presence of pores with similar size before treatment and a reduction of pore sizes after consolidation.
Before treatment, specimen 75RH-DOL shows that T1 and T2 values decrease from area 1 to area 3 of the specimen and from the top to the bottom of the specimen (Table 6 ). After treatment of this specimen, values in both specimens before the treatment. This can be observed in the area 3 from the top to the bottom of the specimens (Table 6 and Table 7 ).
In this area 3 and in both specimens, T1 and T2 relaxation times decrease after treatment. In the top of area 3 of the specimens, the decrease in T1 value is higher for the specimen 75RH-DOL (16%) compared to the decrease for specimen 33RH-DOL (9%). However, the decrease in T2 value is higher for the specimen 33RH-DOL (25%) compared to the decrease for specimen 75RH-DOL (20%). In the center of both specimens T1 and T2 values decrease. The relaxation times in the bottom of the specimens after treatment are quite different for both samples. T1 and T2 slightly decrease in specimen 33RH-DOL but these parameters remain almost constant for the specimen 75RH-DOL.
Before treatment, T2 values in this area 3 are slightly higher in 33RH-DOL compared to 75RH-DOL, however after treatment, T2 values in both specimens decrease and come close to each other. The decrease in T1 and T2 parameter means a decrease in the pore sizes or the generation of smaller pores [28] , especially in specimen 75RH-DOL.
The signal intensity is heterogeneous in both specimens, but it is slightly lower for 75RH-DOL compared to 33RH-DOL. The signal intensity slightly increases in both specimens after treatment, but we know from the hydric measurements that water saturation after treatment decrease. The increase in signal intensity could be related to the effect of the consolidating product, thus higher signal intensity would mean higher density of the consolidating product. The development of hydrated carbonates (monohydrocalcite) at 75%RH would also increase the signal density of the samples after treatment. If we introduce the same amount of consolidating product in both specimens and the increase is higher in specimen 75RH-DOL in areas with similar T1 and T2 values before treatment, this means that the humid environment favors the consolidation of the product giving rise to a higher density from the top to the bottom of the specimens. This increase in signal intensity values after the treatment could also be due to small differences in the experimental conditions. These differences could be avoided using an external reference to readjust the signal intensity values. The use of the signal of voxels entirely occupied by water as an internal reference has been reported [29] . In our case the pore sizes would not be wide enough to assume this assumption.
Nuclear Magnetic Resonance (NMR): Relaxometry
Relaxometry distribution curves of T1 and T2 relaxation times of both specimens before and after treatment are shown in Fig.9 and Fig.10 . Before treatment, the T1 curve of specimen 33RH-DOL is slightly narrower compared to the T1 curve of specimen 75RH-DOL (Fig.9 ). This can be interpreted as greater microestructural homogeneity, due to the presence of pores of nearly the same dimension of those from specimen 33RH-DOL. However, after treatment T1 curve of specimen 33RH-DOL slightly changes, just a small shift of the peak towards higher relaxation times, indicating the presence of larger pores [27] .
This is in agreement with ESEM results where it was observed that some pores became larger due to the dolomite attack by the consolidating product in a dry environment. The T1 relaxometry distribution curve of specimen 33RH-DOL shows that the longest relaxation times are not very different for the treated and untreated sample. This observation suggests that the treatment does not greatly change the surface relaxivity and guarantees that the variations of the T1 distribution can be described in terms of changes in the surface-to-volume ratios for the pore space accessible to water molecules [30] . However, after treatment, T1 curve of specimen 75RH-DOL shows significant differences, since it goes from a monomodal to a bimodal distribution, giving rise to a narrower curve and the appearance of a broad peak with a low signal but with shorter relaxation times (Fig.9 ). This behavior in 75RH-DOL where T1 decreases can be explained by more interconnected porosity and in smaller pores [27] . The slight narrowing of the larger curve can be explained by a higher homogeneity in some pores but the appearance of another broader small peak (bimodal distribution) showing wider distributions, reflects the presence of larger pores.
The peak of the T1 distribution curve of specimen 33RH-DOL after treatment is displaced towards longer T1 values although the tail of the curve is displaced towards slightly shorter T1 values. Capillarity test results have shown that connected porosity of this latter specimen was slightly reduced after treatment.
However, the water absorption obtained under vacuum is very similar before and after treatment. The results from ESEM observations shown that pores between dolomite crystals are dissolved and fractured and these pores become larger after treatment. However, water absorption under vacuum in specimen 75RH-DOL significantly decreases after treatment and the decrease in capillarity coefficient (C) gives rise to smaller pores and more connected porosity. A stone sample fully saturated with water shows longer T1 and T2 values than when it is not saturated [31, 32] . A small pore surrounded by small but well connected pores will give a single peak in the relaxation time distribution [29] . Shorter times in the distribution of water and shift toward longer times could mean the formation of microfractures and the increase of local surface-to-volume ratios; the larger the ratio between the pore volume and its surface area, the longer the T1 value [31, 32] . Therefore, if specimen 75RH-DOL, before treatment had cracks and big pores due to freezing-thawing cycles, the shift of T1 curve towards shorter times could mean also the disappearance of the pre-existing cracks. A T1 curve with a tail at short time means higher surface-to-volume ratio regions, and a wide peak extending to times greater than 1000 ms means lower surface-tovolume ratios [29] . The corresponding T2 distributions (Fig.10 ) are shifted towards shorter times and differently from T1 distributions (which are monomodal). The T2 distribution curve of specimen 75RH-DOL after treatment has substantial amplitude below 1000 ms, suggesting the possible presence of microporosity [30] . The areas under the T1 distribution curves (Fig.9 ) are roughly consistent with the percentages of water absorbed.
Conclusions
The non-destructive techniques (NDT) used in this research have shown to be fast, precise and reliable to 2-TEM results indicate that in high RH conditions (75%RH) there is a faster crystal growth rate with larger crystal sizes from nanometric to micrometric scale compared to lower RH conditions (33%RH), which particle sizes only reach the nanometric scale after 20 days of consolidation.
3-The consolidating product does not significantly affect the stone colour parameters after treatment.
4-The average surface roughness (3D topographic maps) obtained by OSR of both specimens is slightly modified, except on the top surface of the specimen exposed to low HR (33%RH) where Ra decreases due to the deposition layer of calcium hydroxide nanoparticles on the surface of the stone.
5-The open porosity and saturation values decrease after treatment and the ultrasounds velocity significantly increases along the three spatial directions, in the specimen with higher porosity exposed to high humidity environment, due to a better and more homogeneous distribution of the consolidating product. The capillarity coefficient (rate of water transport) decreases due to a smaller connected porosity.
In the specimen with lesser and smaller porosity exposed to low humidity environment, the capillarity coefficient, the open porosity and water absorption values slightly decrease and the ultrasounds velocity slightly increase only in one spatial direction.
6-NMR results allowed comparing same pore sizes common in both specimens before and after the treatment. The center of both specimens is the area with higher decrease in T1 and T2 relaxation times Table 2 and Fig.7b) ; b) after consolidation (Ra= 6.93±1.76µm; Rq= 9.05±2.33µm; Rz= 29.66±6.59µm); c) 2D height map before consolidation of same area shown in Fig.6a ; d) 2D height map after consolidation of same area shown in Fig.6b . White, pink and red colours show the highest heights and blue, purple and black colours show the deepest depths. roughness optical values corresponding to these profiles are given in Table 2 and the profiles 1 and 2 of specimen 33RH-Dol are also drawn in Fig.6a . Table 1 -Colour variation promoted on the dolostone specimens after treatment with Nanorestore®. ∆L* is the variation in luminosity, ∆a* is the variation in the red-green parameter, ∆b* is the variation in the blue-yellow parameter, ∆YI is the variation in the yellow index (measured according to ASTM 313-76) and ∆E* is the total colour difference. Table 2 -Variation in roughness parameters measured on the top and the bottom of the dolostone specimens, before and after consolidation with lime nanoparticles at 75 % and 33% relative humidity (75RH-DOL and 33RH-DOL, respectively). Table 3 -Ultrasounds velocity values for dolostone specimens, before and after consolidation with lime nanoparticles at 75 % (75RH-DOL) and 33% relative humidity (33RH-DOL). Table(s) 
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